Thiamin triphosphate (ThTP) in early stationary phase cells of Escherichia coli grown in nutrient broth with 0.1% yeast extract was fo und to constitute approximately 5-7% of cellular thiamin diphosphate (ThDP) or around 5nmol/g cell. Nearly the same level of. ThTP was obtained in a Bacillus strain. When E. coli was loaded with an excess of ThTP or ThDP, cellular ThTP was found to be controlled in the course of the long term to maintain its ratio to the amount of cellular ThDP. The ThTP vs. ThDP ratio in E. coli cells after short-term ThDP uptake was fo und to be a function of the cellular growth phase. The ratio in early exponential phase E. coli cells was found to be approximately 4% and it became lower (less than 3%) when cell growth proceeded to the late exponential stage. Two phosphatases specific for ThTP (ThTPase) among thiamin phosphates were detected in E. coli. One required Mgt2+and was fo und mainly in the soluble fraction, while the other was Mgt+ independent and originated from the membrane. The two ThTPases were similar to their rat tissue counterparts. Key Words thiamin triphosphate, thiamin triphosphatase, thiamin di phosphate kinase, thiamin pyrophosphate, thiamin, E. coli Recently, data on thiamin triphosphate (ThTP) in the tissues of higher organisms as determined by high performance liquid chromatography (HPLC) have been accumulating (1, 2). Those recent reports have reconfirmed earlier discoveries of ThTP in rat tissues (3, 4), in yeast (5) and in plant cells (6). In spite of the detections of a small but consistent amount of ThTP, including an exceptionally high percentage of ThTP among the thiamin phosphates in an electric organ of Torpedo marmorata (7) and pig muscle (8), its biological significance has yet to be established. Recent studies on ThTP have mainly focussed on its role in the nervous * This study was carried out at
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Takahiro NISHIMUNEI * and Ryoji HAYASHI2,** Osaka Prefectural Institute of Public Health, Nakamichi, Higashinari-ku, Osaka 537, Japan (Received September 25, 1986) Summary Thiamin triphosphate (ThTP) in early stationary phase cells of Escherichia coli grown in nutrient broth with 0.1% yeast extract was fo und to constitute approximately 5-7% of cellular thiamin diphosphate (ThDP) or around 5nmol/g cell. Nearly the same level of. ThTP was obtained in a Bacillus strain. When E. coli was loaded with an excess of ThTP or ThDP, cellular ThTP was found to be controlled in the course of the long term to maintain its ratio to the amount of cellular ThDP. The ThTP vs. ThDP ratio in E. coli cells after short-term ThDP uptake was fo und to be a function of the cellular growth phase. The ratio in early exponential phase E. coli cells was found to be approximately 4% and it became lower (less than 3%) when cell growth proceeded to the late exponential stage. Two phosphatases specific for ThTP (ThTPase) among thiamin phosphates were detected in E. coli. One required Mgt2+and was fo und mainly in the soluble fraction, while the other was Mgt+ independent and originated from the membrane. The two ThTPases were similar to their rat tissue counterparts. Key Words thiamin triphosphate, thiamin triphosphatase, thiamin di phosphate kinase, thiamin pyrophosphate, thiamin, E. coli Recently, data on thiamin triphosphate (ThTP) in the tissues of higher organisms as determined by high performance liquid chromatography (HPLC) have been accumulating (1, 2) . Those recent reports have reconfirmed earlier discoveries of ThTP in rat tissues (3, 4) , in yeast (5) and in plant cells (6) . In spite of the detections of a small but consistent amount of ThTP, including an exceptionally high percentage of ThTP among the thiamin phosphates in an electric organ of Torpedo marmorata (7) and pig muscle (8) , its biological significance has yet to be established. Recent studies on ThTP have mainly focussed on its role in the nervous system of higher organisms (e.g., 9), and no report on ThTP metabolism in bacteria has been published.
So far there has been only one report on ThTP in bacterial cells: an earlier study on Mycobacterium lacticola (10) using ion exchange chromatography . Our HPLC study gave very similar results. Moreover, cellular ThTP was found to be in dynamic equilibrium between its synthesis and breakdown. ThTP uptake experi ments proved its rapid hydrolysis to thiamin diphosphate (ThDP). When E. coli accumulated ThDP, conversely, a parallel increase in cellular ThTP occurred. ThTP-hydrolyzing enzymes have been reported in soluble and membrane fractions of rat brain (9, (11) (12) (13) (14) . We report here on two ThTPases of E. coli. was 5.2% vs. ThDP, within the range of equilibrium described above , indicating its attainment over a longer period of time.
MATERIALS AND METHODS

Strains
When ThTP was added extracellularly, E. coli mainly accumulated ThDP (Table 1 ). The ratio of ThTP to ThDP (44-47%) was far out of balance from the point of equilibrium observed above. This result indicates that cellular ThTP passed through the envelope of E. coli without dephosphorylation. ThDP, which can be produced extracellularly, has been shown to be incorporated into this strain without dephosphorylation (20) . In the uptake of ThDP, the percentage of cellular ThTP was shown above (Fig. 1b) to be much lower than in Table 1 . It is already accepted that free thiamin accumulates in E. coli cells not in the form of ThTP but mainly as ThDP. On the other hand, we could not estimate what percentage of ThDP was transported and accumulated in this form, or produced through ThTP de phosphorylation or through free thiamin uptake, but we deduce that a certain portion of ThDP was the product of intracellular hydrolysis of ThTP because of the high ThTP content in the cells.
Growth phase and ThTP level
In the ThDP loading test (Fig. 1b) were used. When the experiment was carried out using late log phase or early stationary phase cells, ThTP was always below 3% of ThDP. Hence, the effect of growth phase on the rate of ThTP synthesis from ThDP was studied. E. coli cells in various growth phases (Fig. 2a) were loaded with ThDP through a 90-min uptake reaction and thiamin phosphates were determined. Higher activity of ThTP synthesis in the early exponential phase cells was confirmed in the ratio of ThTP/ ThDP (Fig. 2a) . This result was partly attributable to the fact that the rate and maximum amount of ThDP uptake became higher when the growth approached the late exponential phase, while the conversion rate into ThTP remained relatively constant.
The results of ThDP uptake using late exponential phase cells (Fig. 2b ) confirmed the above notion. In this experiment, a higher level of ThTP had accumulated than that shown in Fig. 1b (approximately two fold) , but the accumulation rate of ThDP exceeded by far the conversion rate. Consequently, the percentage of ThTP remained at approximately 2.6% (mol/mol) of ThDP within the short reaction time. The E. coli cells used in this experiment could not phospho rylate ThMP to ThDP. Hence cellular ThDP was either the intracellular de phosphorylation product of ThTP or that incorporated from outside. In this mutant, extracellular ThDP phosphatase activity is enhanced compared to that in E, coli W70-23. The accumulation of ThMP has been shown to be the result of extracellular dephosphorylation of ThDP into free thiamin, its subsequent accumu lation, and finally its intracellular monophosphorylation (20) . In strain W70-23, ThDP is incorporated as it is (20) .
ThTP in Bacillus aneurinolyticus
Typical results of ThTP determination are shown in Table 2 . In both early exponential phase and stationary phase cells, the relative amount of ThTP was 5.0 6.4% (mol/mol) of ThDP.
ThTPases of Escherichia coli
From the data in Table 1 , a monophosphatase was inferred to be active on ThTP, and we tried to detect it. When E. coli was shocked osmotically, a large part Fig. 5 . Effect of pH and temperature on crude ThTPase I and membraneous ThTPase. a: Effect of pH. ThTPase I was prepared as in Fig. 3 but the enzyme was solubilized fr om the membrane by 0,4M NaSCN instead of 15% Triton X100 and dialyzed against buffer A. ThTPase II was prepared as described in Fig. 3 . The buffers used were Tris-maleate for pH less than 7.5 and Tris-HC1 for pH above 7.6. The reaction mixture contained the components described in MATERIALS AND METHODS except fo r buffer components of altered pH. b: Effect of temperature. ThTPase I and II were prepared as in Fig. 3 . using several reagents. With 0.5M NaC104, 46% ThTPase II and less than 10% of ThTPase I were extracted whereas 1.5% Triton X100 solubilized 36% ThTPase I and 16% ThTPase II of very low specific activity. 0.5M sodium deoxycholate was not the product of a conversion reaction in which the amount of ThTP was determined solely by the concentration of ThDP.
To maintain equilibrium between ThTP and ThDP, ThTP hydrolyzing activity must also play a part. As one of the candidates for adjusting mechanisms at the enzyme level, ThTPase I was found to be highly specific for ThTP among thiamin phosphates (Table 5 ). This fact may explain the apparent lack of correlation between the amounts of ThMP and ThDP. ThTPase II should also be considered fo r the possibility of participation in the metabolism of cellular ThTP (30) . Two ThTPase activities, first reported in some detail in E, coli, showed close similarities with rat enzymes (9, (11) (12) (13) (14) (Table 6 ). Between the soluble enzymes, major di ff erences were optimal pH and sensitivity to inhibition by pyrithiamin. Among membrane-bound enzymes, rat enzyme was shown to be more sensitive to ATP inhibition and to require divalent ion and a higher concentration of ThTP. In spite of those differences, both eukaryotic and prokaryotic cells contain very similar ThTPases. These results may suggest some common function(s) of cellular ThTP in both types of cells.
